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Abstract 
Using density functional theory (DFT) calculations, we explored the potential of 
defective MoS2 sheets decorated with a series of single transition metal (TM) atoms as 
electrocatalysts for N2 reduction reaction (NRR). The computed reaction free energy 
profiles reveal that the introduction of embedded single TM atoms significantly reduces 
the difficulty to break the N≡N triple bond, and thus facilitates the activation of inert 
nitrogen. Onset potential close to -0.6 V could be achieved by anchoring various 
transition metals, such as Sc, Ti, Cu, Hf, Pt, and Zr, and the formation of the second 
ammonia molecule limits the overall process. Ti-decorated nanosheet possesses the 
lowest free energy change of -0.63 eV for the potential determining step. To better 
predict the catalysis performance, we introduced a descriptor, φ, which is the product 
of the number of valence electron multiplying by the electronegativity of the decorated 
TM. It shows good linear relationship between the d-band center and the binding energy 
of nitrogen, except for those metals with less than half filled d-band. Although the 
metals in Group IIIB and IVB have strong adsorption interactions with N atom, the 
Gibbs free energy changes for desorption of the second ammonia are unexpectedly low. 
The selectivity of these systems towards nitrogen reduction reaction (NRR) are also 
significantly improved. Therefore, those defective MoS2 decorated with Sc, Ti, Zr and 
Hf are suggested as promising electrocatalysts for NRR, for their both high efficiency 
and selectivity. 
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Introduction 
Large-scale artificial nitrogen fixation, also known as the Haber-Bosch process, is 
one of the most important discoveries in the twentieth century.1-2 Synthesized ammonia 
(NH3) is mainly used for the production of fertilizers that support the rapid growth of 
global population.3 To date, global NH3 production is over 150 million tons per year, 
80% of which is further used in the production of fertilizers to feed one-third to half of 
the world population. Moreover, due to its portability and high energy density, NH3 is 
also supposed to be an attractive carbon-free energy carrier in the future.4-5 Because of 
the inert triple bond with bond energy of 940.95 kJ·mol-1 in the N2 molecule, the current 
ammonia production process requires high pressure (150~350 atm) as well as high 
temperature (350~550 °C). Over 1% of global energy consumption goes to ammonia 
production, resulting in huge amount of CO2 emission. Electrochemical N2 reduction 
reaction (NRR) is a state-of-the-art technology that supplies an energy-saving 
alternative for artificial N2 fixation.6-7 NH3 is yielded through a 6-electron process 
coupled with proton transfers (N2+6H++6e-→2NH3). The renewable energy sources, 
such as solar and wind, can be utilized to power this reaction, making the NH3 
production more environmentally benign. Despite great efforts being made both 
experimentally8-17 and theoretically,18-30 it still remains a challenge to discover an active, 
selective and efficient electrocatalyst for industrial application. 
Recently, single-atom catalysts (SACs), of which single transition metal (TM) atoms 
are dispersed on a substrate as the active center, have been becoming a rising star in 
heterogeneous catalysis.31 The highly under-coordinated sites can be more active than 
the surface of bulk materials. Besides, one can tune the intrinsic activity by altering the 
substrate environment.32-33 SACs have been applied in a variety of electrocatalysis 
processes, including hydrogen evolution reaction (HER),34-35 oxygen reduction reaction 
(ORR),36-38 oxygen evolution reaction (OER),39-40 and NRR.41 Owing to the large 
surface area and novel electronic properties, two-dimensional (2D) materials are widely 
used as the substrates for the fabrication of SACs,42-43 such as the graphene-like single-
layered molybdenum disulfide (MoS2). Azofra et al. suggested that single atom Fe 
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deposited on MoS2 monolayer exhibits high selectivity towards N2 reduction against 
chemisorption of CO2 and H2O.44 In addition, we have previously demonstrated that the 
edge of MoS2 layer and the defect-rich MoS2 nanostructures with the low Gibbs free 
energy changes of 0.68 and 0.60 eV for the PDS steps on the respective NRR free-
energy profiles were promising for NRR catalysis.15-16 However, although the under-
coordinated Mo site can effectively activate the inert N2 molecule, desorption of NH3 
is energetically unfavorable. For the edge and defect, the Gibbs free energy changes of 
NH3 desorption are 0.90 and 0.87 eV, respectively. Ling45 and Wang46 et al revealed 
that B/g-C3N4 and Mo/C2N might be potential candidates of single atom catalysts for 
NRR with the rather low onset overpotential of 0.20 and 0.17 V, respectively. However, 
the Gibbs energy changes for desorption of the first NH3 molecule on the energy 
profiles of NRR process were not clarified. Furthermore, some other investigations 
demonstrated that the under-coordinated Mo site is quite active and may initiate the 
undesirable HER reactions which is competing with NRR process.47-48 Herein we notice 
that the defective MoS2 may be a potential substrate to hold the single transition metal 
atoms. Are these SACs still effective in N2 activation? Can the selectivity be improved 
via anchoring single TM atoms on the defect of single-layered MoS2? 
To answer these questions, we performed density functional theory (DFT) 
calculations to investigate a series of transition-metal decorated defective MoS2 
nanosheets. The metal elements from IIIB to IIB subgroups except Tc and Hg were 
chosen as the candidates, which were embedded into the nanosheet with a MoS2 
formula vacancy. The potential performance on NRR catalysis was evaluated based on 
free energy calculations. Our calculations indicate that the addition of electron-proton 
pair to *NH or *NH2 is the potential determining step (PDS) for all the SACs. The 
defective MoS2 decorated with Sc, Ti, Cu, Hf, or Zr are suggested to be good candidates 
for N2 reduction to NH3, with the energy changes of PDS lower than 0.7 eV. 
Furthermore, we proposed an empirical descriptor to predict the properties of SACs, 
which correlates with the d-band center and N-binding energy very well. It is indicated 
that transition metals with less than half filled d-band, such as Sc and Ti, do not follow 
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the linear scaling relationship.49 Catalysts containing these single atoms may be able to 
overcome the limitation governed by the relation. 
 
Computational details 
The spin-polarized density functional theory (DFT) computations were carried out 
by using Vienna ab initio software package (VASP).50-53 The electron exchange-
correlation interactions were treated within the generalized gradient approximation 
(GGA) in the form of the Perdew-Burke-Ernzerhof (PBE) functional.54 The Projector 
Augmented Wave (PAW) potentials were used for description of the core electrons.55 
Van der Waals interactions were considered using DFT-D3 correction.56 Slab model was 
constructed based on a 5×5×1 supercell of MoS2 single layer to simulate a relatively 
low density of defect, with a vacuum of 20 Å along the z-direction. One Mo atom with 
two neighboring S atoms were removed from the perfect sheet as the defect. A single 
TM atom was located in the vacancy as the active site. All the 3d, 4d, 5d transition 
metals except Tc, Hg and lanthanide were screened to search for the potential candidates. 
A 2×2×1 Monkhorst-Pack57 k-point sampling was used for the geometry optimization. 
Energy cut-off of plane wave was set to 450 eV. The threshold of geometry optimization 
was set to 0.005 eV•Å-1 in force on each atom. All the atoms within the box were fully 
optimized without any constraint.  
Gibbs free energy change (ΔG) was evaluated based on the computational hydrogen 
electrode (CHE) model,18 which takes one-half of the chemical potential of gaseous 
hydrogen under standard conditions as the free energy of the proton-electron pairs. ΔG 
were calculated by the following equation: 
ΔG = ΔE + ΔEZPE – TΔS – neU+ΔGpH                               (1) 
where ΔE, ΔEZPE, ΔS are the reaction energy from DFT calculation, the correction of 
zero-point energy and the change of simulated entropy, respectively. T is the 
temperature (T = 298.15 K). n and U are the number of transferred electrons and the 
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applied potential, respectively. The calculated values of ΔEZPE and TΔS are listed in 
Table S1. ΔGpH is the correction on the pH in the electrolyte that equals to kT×ln10×pH. 
Since in experiment hydrochloric acid with a concentration of 1 mol/L is often used as 
the electrolyte, this term can be considered as 0.  
 
Result and discussion 
All the decorated MoS2 nanosheets have quite similar structures after relaxation. The 
optimized structure of the Sc-decorated defective MoS2 sheet was shown in Figure 1, 
and the coordinates of the Sc-based SAC and the intermediates of NRR on the SAC 
were shown in the end of Supporting Information as a typical example. The TM-sulfur 
bond lengths of all the investigated systems range from 2.10 to 2.60 Å, indicating that 
TMs are embedded into the defect via chemical bonding. The pristine MoS2 sheet is a 
semiconductor, while these TM-decorated systems exhibit good electrical conductivity 
(Figure S1). Therefore, introducing TM single atoms at the defect could improve the 
material’s conductivity, which may be used as a better electrocatalyst. Zhao et al.58 have 
theoretically investigated another kind of decorated MoS2 nanosheets with one S atom 
removed and a single TM atom deposited at the vacancy. They predicted that replacing 
one S atom by a neutral metal atom could dramatically increase the catalytic activity, 
and the Mo-embedded nanosheet is the most promising one with an onset potential of 
-0.53 V. Based on our previous experience combined both experiment and theoretical 
studies on the defective MoS2,16 we removed one neutral MoS2 unit and deposited a 
single TM metal atom at the defect to construct the SAC model. It is believed that the 
TM atom coordinated with 4 neighboring S atoms should be stable. To evaluate the 
possibility of SAC formation, we calculated the formation energy, Eform, by the 
following formula:  
Eform = Etotal – EMoS2 + μMo + 2μS - μTM                             (2) 
where Etatal and EMoS2 represent the energies of the single metal atom decorated 
defective MoS2, the 5×5 supercell MoS2 layer, respectively. μMo, μS and μTM are the 
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chemical potentials of Mo, S and TM atom, respectively. As listed in Table S2, the 
metals in group IIIB and IVB have the lowest formation energies, ranging from 5.11 to 
5.97 eV. Interestingly, our calculated values are comparable with the formation energies 
of 5.15 eV for two S vacancies, and lower than that of 6.93 eV for a Mo vacancy formed 
in the pristine MoS2, respectively, as reported by Santosh et al..59 The results imply that 
deposition of a TM atom at the defect of MoS2 will not induce additional energy 
consumption than that for creating two S vacancies and even save the energy to remove 
a Mo atom from MoS2 monolayer, suggesting that these TM decorated structures should 
be feasible for synthesis. Ab initio molecular dynamics (AIMD) simulations were 
performed at 500K to confirm the thermodynamic stability of the decorated structures, 
which evidenced that the configuration has no significant distortion in 10 ps, as shown 
in Figure 2. Thus, such decorated systems should be very stable at ambient condition. 
Considering the different N2 adsorption sites and hydrogenation sequences, the NRR 
process has three possible reaction pathways, known as distal, alternating and 
enzymatic paths (Scheme 1).23 In all these three mechanisms, six proton-electron pairs 
(H++e-) are added one by one to the N2 molecule. For the distal mechanism, first three 
proton-electron pairs are added to the terminal N atom, resulting in the cleavage of N-
N bond and the generation of the first NH3 molecule. Then the following three 
protonation steps take place on the other N atom bonding to the SAC. In comparison, 
hydrogenations occur alternately between two N atoms in the alternating mechanism. 
As a result, two NH3 molecules are released successively. In addition, enzymatic 
mechanism has also been discussed in recent studies,20, 23, 26 in which N2 molecule is 
adsorbed via the side-on rather than end-on mode. Both two nitrogen atoms form bonds 
with active sites in subsequent steps. Besides, a hybrid mechanism may exist in which 
some species shuttle from one pathway to another one. 
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Scheme 1. Schematic illustration of the three mechanisms for NRR: distal, alternating 
and enzymatic mechanisms. M stands for the TM atom. 
Based on the aforementioned mechanisms, we screened a series of TM atoms 
decorated at the defect of MoS2. Free energy profiles of the whole reaction pathways 
have been explored. For all these SACs systems, the free energy changes have similar 
trends that the distal mechanism is energetically preferential, while the formation and 
desorption of the second ammonia molecule limits the overall reaction (Figure 3). 
Namely, the step of *NH→*NH2 or *NH2→*NH3 determines the overpotential of NRR. 
According to the heights of the potential determining step (PDS), we classified the 
studied elements into three groups which have the highest free energy changes under 
0.70 eV, between 0.70 to 1.00 eV, and above 1.00 eV. Those elements with energy 
increases under 0.70 eV, such as Sc, Ti, Cu, Zr, Hf, and Pt, are proposed to be promising 
candidates for application, and taken as typical systems for further discussion. Their 
free energy profiles are plotted in Figure 3. For clarity, the free energy diagrams for 
other elements are depicted in Figure S2. In order to evaluate the influences of 
solvation on the adsorption energies of the intermediates and the free energy diagrams 
of NRR process, the polarizable continuum models (PCM)60-61 was used to simulate the 
solvation effect. The calculated results indicate that the solvation has different 
contributions to the energies of the intermediates, e.g., the solvation energies of 0.08 
and -0.46 eV for *NNH and *NNH3 on Sc-based electrocatalyst, respectively. As a 
result, the free energy diagrams were changed as well, as shown in Figure S3. Generally, 
the energy changes of the PDS step on the distal NRR mechanism were reduced. For 
example, the values were reduced from 0.67 and 0.63 eV to 0.54 and 0.56 eV for Sc 
9 
 
and Ti-based SACs, respectively.  
Due to the high stability of the triple bond, the activation of N2 molecule is usually 
difficult at ambient condition. The first hydrogenation step of the physisorbed N2 
(*N2→*NNH) occurring on the bulk material surface is supposed to be the PDS.18 In 
contrast, the single atom embedded in the 2D substrate is able to polarize inert N2 
molecule, and then weaken the triple bond. The charge density difference of valence 
band maximum (VBM) at surface metal plane for the optimized Sc-decorated MoS2 
was visualized in Figure 1. The electrons clearly accumulate at the hollow site formed 
between Sc atom and two defective Mo atoms, which may polarize and then activate 
the inert N2 molecule. It is so active that the binding between N2 and Sc atom is 
considerably strengthened, leading addition of the first (H++e-) pair to be feasible. As 
for the decorated MoS2 monolayers with Sc, Ti, Zr and Hf, N2 can be chemisorbed on 
the single transition metal atoms with the N-TM bond lengths less than 3 Å. The N-
containing species on Sc-based SAC were shown in Figure 4. Both N atoms in each of 
the *N2, *NNH and *NNH2 configurations might interact with the anchored TM atoms. 
For instance, the distances between Sc and two N atoms in the *N2 configuration are 
2.23 and 2.46 Å, respectively. We speculate that the nitrogen fixation on this kind of 
SAC may proceed via a hybrid mechanism combining the distal and enzymatic 
processes rather than the pure distal path. From *N2 to *N in all the SAC systems, the 
steps are either exothermic or with moderate energy changes of lower than 0.40 eV, 
leading to facile formation of the first ammonia molecule. 
On the other hand, the intermediate *N on all the pathways are relatively stable. The 
nitrogen is tightly binding to the single metal atom, resulting in the positive △G for 
formation of the second ammonia. The energy changes of PDS on the NRR pathways 
are 0.67, 0.63, 0.66, 0.69, 0.67 and 0.68 eV for Sc, Ti, Cu, Zr, Hf and Pt, respectively. 
The values are lower than the results reported in our previous work, in which nitrogen 
reduction takes place at the edge or vacancy of MoS2 monolayer.15-16 In the cases of Sc, 
Ti and Zr, NH3 desorption needs to overcome an even higher energy changes (0.68 ~ 
0.72 eV). This step involves no electron transfer, having thus no influence on the 
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overpotential of NRR.  
The free energy diagrams for the screened metals indicate that the reductive 
hydrogenation of the second nitrogen limits the overall catalytic performance. As listed 
in Table 1, the elements with relatively low energy changes of PDS are all in Group 
IIIB, IVB, VIIIB and IB, especially in Group IVB. In contrast, the energy changes of 
PDS for elements in Group VB, VIB and VIIB are all higher than 1.00 eV. The PDS 
occurs at either *NH→*NH2 or *NH2→*NH3 step, implying that the binding between 
the second nitrogen and the single metal atom is too strong to facilitate desorption of 
NH3 from the electrode. Previous studies suggested that the binding energy of nitrogen, 
Eb(N), is an effective descriptor to predict the NRR performance.18 Consistently, our 
calculations also indicate that the formation and desorption of the second NH3 
becoming the limiting factor of the overall reaction is a result of the high stability of 
the intermediate *N. The interactions between the d-orbitals of the metal and the p-
orbitals of nitrogen are responsible for the formation of *N, thus the d-band center, εd, 
is assumed to be in connection with the strength of binding interaction. Interestingly, 
the Eb(N) has an approximately linear relationship as a function of the εd of the single 
TM atoms, as shown in Figure 5(a) (see Table S3 for details). Higher εd is related to 
more negative Eb(N), and stronger nitrogen-metal interactions. To achieve a high NRR 
activity, metals with low εd values are recommended, such as Cu and Pt. 
Recently, Rossmeisl and Koper et al.62-65 revealed that the linear relations between 
number of electrons and adsorption energies and its influences on the electrocatalytic 
activities of metals, oxides, and SACs. Xu et al.33 introduced a descriptor by combining 
ab initio calculations with empirical parameters to predict the OER/ORR/HER 
activities of graphene-based SACs. Inspired by their work, we proposed a similar 
descriptor, φ: 
φ= θd * EM                                                 (3) 
where θd and EM are the number of valence electron and the electronegativity of the 
decorated TM, respectively (Table S4). As shown in Figure 5(b), φ correlates linearly 
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with εd quite well, herein the results of the number of valence electrons multiplying by 
the electronegativity of the single atom is a descriptor to estimate the electronic 
structures and the potential performance of the SAC. Linear relationships were also 
found between θd and Eb(N), as well as θd and φ, as shown in Figures 5(c) and 5(d). It 
is easy to deduce that the adsorption strength of N atom (*N) increases as the value of 
φ. Therefore, φ is a good descriptor to build a relationship between the basic 
characteristics of single TM atom and the adsorption energy of *N, as well as the 
electrocatalytic activity of NRR. Even without DFT calculation, it could be easily to 
find out the potential candidates with a relatively large value of φ. We looked into the 
connection between φ and the free energy changes of the critical steps of N2 
hydrogenation [ΔG(*NNH)] and ammonia desorption [ΔG(*)], and showed that results 
in Figure 6. The values are also linearly related to the descriptor φ for most SACs, 
except for the TM elements in Group IIIB and IVB. Furthermore, the elements with 
large φ have low free Gibbs energy changes for the two steps, such as Cu and Pt, 
consistent with the aforementioned assumption. Interestingly, the elements in Group 
IIIB and IVB, including Sc, Ti, Sc, Zr and Hf, do not follow the linear scaling 
relationship. They have small values of φ, but the corresponding SACs have low PDS 
energy change heights (< 0.70 eV, Table 1) as well. Figure 3 shows that MoS2 
nanosheets decorated with these elements indeed feature thermodynamically stable *N 
species and demand huge amount of energy going from *N to *NH3. On the other hand, 
their less than half filled d-orbitals form strong chemical bonds with nitrogen, thus the 
reductive hydrogenations of the following steps are all moderately endothermic. As a 
result, the overall energy increase is averaged, leading to three hydrogenation steps with 
similar and relatively low energy change. Such pattern has also been found in the 
chemisorption on many other metal surfaces.66 Many catalysis systems suffer from high 
uphill energy change due to the limitation imposed by scaling relations.49 Our 
calculations suggest that using the early transition metals may break such limitation in 
specific cases. 
In experimental environment, HER is an unwanted competing reaction with respect 
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to NRR. Adsorbed protons would be reduced to H2 at less negative potential, resulting 
in low NRR selectivity. Hydrogen on Sc-, Ti-, Cu-, Zr-, Hf-, and Pt-based SACs yields 
the adsorption energies of -1.36, -1.31, -0.57, -1.35, -1.33, and -0.86 eV, respectively, 
which are comparable with the values of N2 on these SACs (as listed in Table S5), 
except for the well-known HER electrocatalyst Pt. The results suggest that neither H 
nor N2 has the overwhelming superiority over its counterpart to be selectively adsorbed 
on the SACs. Besides, as considered to be a critical factor to evaluate the 
electrocatalytic performance, the limiting potential (UL) is defined as the applied 
potential requiring all the steps on the considered process are exergonic and can be 
calculated by UL = -ΔGmax/e. As compared in Figure 7, the relationship between 
UL(HER) and UL(NRR) for the six candidate systems indicates that Sc, Ti, Zr and Hf 
should have remarkably higher NRR performance than HER, since the values of 
UL(NRR) are much larger than that of UL(HER). However, the single atom Cu 
decorated MoS2 shows the selectivity towards HER, since its UL(NRR) is much lower 
than that of UL(HER), while Pt doesn’t show its selectivity towards HER or NRR via 
the criterion UL. Taking the solvation into consideration, the results shown in Figure 
S4 confirm the high selectivity towards NRR for Sc-, Ti-, Zr- and Hf-decorated MoS2 
systems.   
 
Conclusions 
In summary, based on DFT calculations, we demonstrated that the defective MoS2 
decorated with single TM atom could be a promising electrochemical catalyst for 
ammonia synthesis at room temperature. Our systematically screening of a series of 
TM elements suggested that the embedded TM alters the substrate’s electronic 
structures, facilitating the polarization and activation of the inert N2 molecule. The 
computed free energy profiles show that the binding between nitrogen and decorated 
metal is so strong that the reductive hydrogenation and desorption of the second 
ammonia molecule limit the overall NRR process. Ti-decorated system has the lowest 
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PDS energy change of 0.63 eV, and the nanosheets decorated with Sc, Cu, Zr, Hf, and 
Pt also possess the energy change of lower that 0.70 eV. These materials are considered 
as the most promising electrocatalysts. To give a general view of the catalytic capacity, 
we studied the relationship between the center of the d-orbital of the decorated metal 
and the binding strength to nitrogen. A descriptor φ is introduced, which correlates 
linearly with the d-band center of the decorated atoms as well as the binding energy of 
nitrogen. Most metals with large values of φ, namely weak bonding to nitrogen, have 
relatively low energy changes of PDS, except those in Group IIIB and IVB. Although 
it is extremely endothermic from *N intermediate to desorbed NH3, the half-filed d-
orbital averages the free energy changes of the three steps of reductive hydrogenations, 
leading to a relatively low energy height of PDS. Therefore, decorating with the 
elements in Group IIIB and IVB may be an effective strategy to overcome the scaling 
relationship. Moreover, we also looked into the HER process of the candidate systems, 
and found that those defective MoS2 decorated with Sc, Ti, Zr and Hf are indeed the 
most efficient and selective electrocatalysts for NRR in our screened SACs. 
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Figure and Tables  
 
Figure 1. Top view of a typical decorated defective model. Color code: yellow, S; 
purple, Mo; grey, Sc alien atom. The background is the charge density difference of 
valence band in Sc-decorated defective MoS2. Red and blue areas represent electron 
accumulation and depletion regions. 
 
 
Figure 2. Variations of temperature and energy versus time for AIMD simulations of 
Sc-decorated defective MoS2. Inset figures are the top and side views of relaxed 
structure. 
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Figure 3. Free energy profiles of NRR processes without (black lines) and with 
applied potential (blue lines) through the distal mechanism. Red lines illustrate 
NRR processes via the alternating mechanism. The asterisk (*) denotes the 
adsorption site. 
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Figure 4. Typical structures of these species on the NRR pathways. The Sc-decorated 
species are taken as examples. The asterisk denotes to the adsorption site. 
 
 
Figure 5. Linear relationships between (a) εd and Eb(N), (b) φ and εd, (c) θd and Eb(N), 
(d) θd and φ. 
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Figure 6. Relationships between (a) φ and ΔG(*NNH), (b) φ and ΔG(*). The outliers 
are highlighted in red circle. The mean and maximun absolute errors are 0.107, 0.291 
eV for Fig. 6a and 0.227, 0.503 eV for Fig. 6b, respectively, expect Sc, Ti, Y, Zr, Hf. 
 
 
Figure 7. The limiting potentials of HER [UL(HER)] versus NRR [UL(NRR)] on 
various SACs. SACs in the region under the dashed line corresponds to NRR being 
more favorable than HER. 
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Table 1. Corresponding free energy changes of the PDS in the periodic table of 
elements. The elements with energy changes of PDS under 0.70 V, between 0.70 and 
1.00 eV, and above 1.00 eV are marked in green, yellow, and red, respectively. 
IIIB IVB VB VIB VIIB VIIIB IB IIB 
Sc 
0.67 
Ti 
0.63 
V 
1.28 
Cr 
1.19 
Mn 
1.01 
Fe 
0.75 
Co 
0.84 
Ni 
0.72 
Cu 
0.66 
Zn 
0.74 
Y 
0.75 
Zr 
0.69 
Nb 
1.31 
Mo 
1.59 
Tc 
Ru 
1.04 
Rh 
0.85 
Pd 
0.71 
Ag 
0.79 
Cd 
0.79 
(La) 
Hf 
0.67 
Ta 
1.26 
W 
1.64 
Re 
1.76 
Os 
1.24 
Ir 
0.78 
Pt 
0.68 
Au 
0.72 
Hg 
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